ABSTRACT. This study was performed to examine the bacteriological findings in 58 mammary secretions from 15 heifers at 4-5 weeks before parturition, and to evaluate whether a high prevalence of S. aureus infection in lactating cows affects the occurrence of S. aureus infection in prepartum heifers in the dairy herd. A total of 86.7%(13/15) of the heifers and 60.3% (35/58) of quarter milk samples from the heifers were bacteriologically positive. No S. aureus isolate was detected in mammary secretions from the heifers. Coagulase-negative staphylococcus (CNS) species were predominantly detected in 54. 3%(19/35) Prevention of bovine mastitis and production of high quality milk are essential to develop the dairy industry and to respond to consumers' demands. A dairy farm on which 55 Holstein lactating cows were milked had a marked increase of somatic cell counts (SCC) in bulk tank milk on a yearly basis [9] . As Staphylococcus aureus was highly isolated from milk samples from lactating cows in the dairy herd, a mastitis control program consisting of recommended milking procedures, dry cow therapy and culling of infected cows with S. aureus was implemented [9] .
Prevention of bovine mastitis and production of high quality milk are essential to develop the dairy industry and to respond to consumers' demands. A dairy farm on which 55 Holstein lactating cows were milked had a marked increase of somatic cell counts (SCC) in bulk tank milk on a yearly basis [9] . As Staphylococcus aureus was highly isolated from milk samples from lactating cows in the dairy herd, a mastitis control program consisting of recommended milking procedures, dry cow therapy and culling of infected cows with S. aureus was implemented [9] .
It is known that heifers in lactating herds with a high prevalence of S. aureus infection tend to have a higher prevalence of the infection than those from herds with a low prevalence [15] . Heifers with prepartum mammary secretions containing S. aureus are at greater risk of S. aureus intramammary infection at parturition [15] . To implement a mastitis control program in a dairy farm, the introduction of heifers free from S. aureus infection to the lactating herd is important for its prevention. Data from etiological surveys of heifers in dairy herds having a high prevalence of S. aureus infection need to be accumulated for further understanding of S. aureus control in the herds. In this study we conducted bacteriological analysis of 58 mammary secretions from 15 heifers at 4-5 weeks before expected parturition, and evaluated whether the prevalence of S. aureus infection in lactating cows affected the incidence of S. aureus infection in mammary secretions from prepartum heifers in the dairy herd.
The dairy farm UeNae, located in the southern part of Hokkaido, Japan, had 55 lactating Holstein cows. Milking cows were housed in free stall barns and divided into 2 milking groups by lactational stage, milk yield, and treatment based on the recommendations for dairies.
Calves were individually penned until weaning, followed by grouped penning of young heifers 13-22 months old, and then heifers were reared individually 3-4 months before parturition. A total of 15 heifers, 23 to 26 months old, were used in this study for the survey of microbiological findings in mammary secretions.
Mammary secretions from 58 quarters were collected aseptically for bacteriological testing. Before sampling, teats were carefully cleaned, dipped in iodine dipping solution, and wiped thoroughly. The first 3 to 4 parts of secretions were discarded, and teat ends were disinfected with cotton swabs soaked in 70% alcohol. Two to 3 ml of mammary secretions was collected into 5 ml sterile culture tubes aseptically for bacteriological analysis. Teats were disinfected with standard iodine dipping solution after collection of samples.
Ten microliters of the mammary secretions collected from quarters from the heifers was swirl plated onto trypticase soy blood agar plates (BBL, Nippon Becton Dickinson Co.) containing 5% sheep blood and incubated aerobically for 24 to 48 hr at 37°C. The identification of pathogens grown on blood agar plates was carried out based on the described procedure [4] . Microorganisms were identified based on colony morphology and hemolytic patterns on blood agar, Gram's staining, and additional biochemical tests. Further identification of isolates was performed at a clinical diagnostic laboratory. A quarter was judged to be positive when growth of more than 250 colony forming units/ml of microorganisms was detected on a blood agar plate (BBL, Nippon Becton Dickinson Co.).
Microorganism isolates from quarters were tested by in vitro susceptibility testing to the antibiotics (BBL SensiDisk, Becton Dickinson Co.) according to the manufacturer's instructions. The results were expressed as sensitive (S), moderate (M) and resistant (R) to the antibiotics penicillin, erythromycin, dichloxacillin, cefazolin, according to the manufacturer's instruction (BBL Sensi Disk, Becton Dick-inson Co.).
For evaluating the bacteriological findings in mammary secretions from the heifers on the dairy farm, the results of SCC in bulk tank milk were referred to as a measure of the indirect hygiene levels of raw milk on the dairy farm. The mean average SCC in bulk tank milk decreased gradually from 52.3 × 10 4 cells/ml to 14.5 × 10 4 cells/ml by 18 months after starting the control program [9] . The S. aureus infection rate in selected milking cows decreased from 41.8% at the time of the first visit to 10.5% at 7 months after implementation of the recommended program, and no isolate of S. aureus was found in milk samples at 18 months after starting the control program [9] . Thirty-six months after the implementation of the mastitis control program, the mean monthly SCC in bulk tank milk was 6.6 × 10 4 cells/ml and appeared to be stable at around 10 to 15 × 10 4 cells/ml [9] . Colostrum from their dams was fed to the calves at around 11 to 13 months before starting the S. aureus control program to the farm. The present survey was conducted at 13-14 months after implementation of the S. aureus control program in this herd.
The bacteriological findings of 58 mammary secretions from 15 heifers 4-5 weeks before parturition are shown in Table 1 . A total of 86.7%(13/15) of heifers and 60.3%(35/ 58) of quarter milk samples from the heifers were bacteriologically positive. On average, 2.6 quarters per heifer 4-5 weeks before parturition were positive. In general, heifers that had not previously passed through a milking period are regarded as uninfected. Unexpectedly, a high prevalence of microorganisms in mammary secretions from the heifers was found, and the figures were similar to the 86.1% reported by Boddie et al. [2] and 86.5% by Oliver et al. [12] . One reason for the high isolation rate of pathogens in mammary secretions in the heifers might have been teat canal colonization by minor pathogens of environmental origin as suggested [18] . A previous study [15] showed that the detection rate of microorganisms in mammary secretions decreased in heifers with milking after parturition, which process would promote the elimination of pathogens from teat canal colonization.
The common mastitis-causing pathogens detected in this survey were CNS species such as Staphylococcus epidermidis, Staphylococcus xylosus, Staphylococcus warneri and other staphylocci spp. CNS was detected in 54.3%(19/35) of quarters and streptococci other than Streptococcus agalactiae were isolated from 22.9%(8/35) of quarters. The most common bacterial species isolated from the mammary secretions from the heifers were in agreement with those of previous reports [6] [7] [8] [11] [12] [13] . Others included Corynebacterium spp. and Arcanobacterium pyogenes [17] . The contagious type of mastitis-causing pathogen was not found in these quarter samples. These isolates have been categorized into minor pathogens of the environmental type of mastitis, and are considered to largely reflect dairy management factors and the dairy herd environment [15] . Micrococcus luteus, Citrobacter freundii and Proteus mirabilis were excluded from mastitis-causing pathogens.
In this survey, no S. aureus was detected in 58 mammary secretions from 15 heifers in a herd with a high prevalence of S. aureus infection. Previous studies reported that the prevalence rates of S. aureus infection in heifers at parturition were: 0.8% [11] , 2.6% [13] , 2.5-5.8% [15] , 7.6% [6] , 8.1% [14] , 9.6% [5] , and 37.1% [18] . A high prevalence of S. aureus infection in mammary secretions in heifers appears to be associated with possible contact with S. aureus from various sources such as infected milk, the muzzle area, teat skin, udder surface and bedding materials [15] .
The herd level prevalence of S. aureus in dairy cows is considered to be influenced by differences in management and various risk factors [1, 16] . A previous study suggested that feeding colostrum containing S. aureus to calves and subsequent suckling among calves would result in mammary infections, although the sources and modes of transmission of S. aureus to colostrum-feeding calves have not been fully clarified. In the present herd, hutches had been used for young calves and colostrum that had not been checked yet by culture was fed to the animals by dairy personnel. These appeared to be no direct contact of lactating cows with the heifers due to the separate housing. Thus, a high S. aureus prevalence in the herd may not necessarily to be a decisive factor for S. aureus infection in heifers, although many body sites colonized by S. aureus have been considered to be sources of the bacteria [16] . If the management and handling of the heifers were carried out properly, prevalence of S. aureus infection could be controlled [1, 3, 10] .
The antibacterial sensitivities of the 18 CNS isolates from the mammary secretions were tested and 22.2% (4/18) of the CNS isolates were resistant to penicillin, whereas 5.6% (1/ 18) were resistant to erythromycin. No resistance to dicloxacillin and cefazolin of mastitis-causing pathogens detected in the herd was found. Table. In summary, CNS and environmental streptococci were prevalent microorganisms in mammary secretions from prepartum heifers at 4-5 weeks before parturition in the herd. A high S. aureus prevalence in the herd may not necessarily be a decisive factor for S. aureus infection in heifers if proper management and handling of heifers are implemented.
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